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Ethnopharmacological relevance: The information and knowledge about ethno-medicinal herbs are get-
ting stronger interest in Global and Korea after the agreement of the Nagoya Protocol. However, it is
known that there is a serious asymmetry of ethno-medicinal information between experts and public,
thus this study aimed to analyze the similarities and differences in interest between experts and public
for medicinal herbs in Korea through big data analysis.
Materials and methods: The medicinal herbs selected in this study were the top 10 herbs in terms of the
amounts purchased by TKM centers. And two representative web search engines were selected to collect
the web search logs, i.e. big data, of experts and public for medicinal herbs in Korea. Comparative analysis
was accomplished through descriptive statistical analysis, Pearson's correlation coefﬁcient, and time-
series graph analysis.
Results: The web search trafﬁc logs were collected for the past three years (2012–2014) from OASIS and
NAVER, which are the representative web search engines of experts and public respectively in Korea.
First, regarding OASIS, the most searched medicinal herb was Angelicae Gigantis Radix while the least
searched was Alismatis Rhizoma; for NAVER, the most searched medicinal herb was Paeoniae Radix,
unlike OASIS, and the least searched was Alismatis Rhizoma, as with OASIS. The coefﬁcient between rank
of herbs and OASIS was –0.401, and that between rank of herbs and NAVER was –0.387, and the corre-
lational coefﬁcient for web search trends of OASIS and NAVER during the past three years was 0.438. Also
the correlation of interest between experts and public for each herb on monthly web trends basis was
similar with regard to Glycyrrhizae Radix et Rhizoma and Angelicae Gigantis Radix, but different with
regard to the other 8 medicinal herbs. Finally, signiﬁcant outcomes or suggestions were ﬁgured out
through time-series graph analysis.
Conclusion: This study presents meaningful results concerning the similarities and differences in interest
between experts and public for popular medicinal herbs in Korea. Contrary to the common assumption
that there exists big different interest between experts and public, this study revealed that there is
apparent similar interest between experts and public on popular medicinal herbs in Korea.
& 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Since traditional medicine (TM) was proclaimed by the Alma
Ata Declaration (1978) as one of the tools designed to promote
primary healthcare, its value and importance have steadily in-
creased in international society. Likewise, Prince Charles's speech
(Alexander, 2006) at the UN symbolically showed the proﬁle of
TM. Korea has established its traditional medicine (Traditional
Korean Medicine or TKM), having inherited and developed it for
several thousands of years. It is helping promote national health
alongside western medicine (Kim et al., 2011). Medicinal herbsIreland Ltd. This is an open acceshave a key role in the treatment of TKM, and moreover the in-
formation and knowledge about medicinal herbs are getting
stronger interest after the agreement of the Nagoya Protocol, be-
cause it has addressed defensive protection of genetic resources
through following measures: (i) as inventory of databases and
information resources to inform potential users of traditional
knowledge; (ii) various information systems about genetic re-
sources for defensive protection; and (iii) various guidelines and
recommendations on defensive protection (Bubela and Gold,
2012). Such a trend establishes ethno-medicinal knowledge data-
base and publishes it to experts and public (Kim and Song, 2014).
However, it is known that there is a serious asymmetry of in-
formation between experts and public, because medical and eth-
no-medicinal information is too specialized and directly affects
lives. Although various measures related to legislation, systems,s article under the CC BY-NC-ND license
Table 2
Interpretation of Pearson's correlation coefﬁcient.
Range Interpretation Range Interpretation
− ≤ ≤ −r1.0 0.7 Strong negative
correlation
+ ≤ ≤ +r0.1 0.3 Weak positive
correlation
− ≤ ≤ −r0.7 0.3 Apparent negative
correlation
+ ≤ ≤ +r0.3 0.7 Apparent positive
correlation
− ≤ ≤ −r0.3 0.1 Weak negative
correlation
+ ≤ ≤ +r0.7 1.0 Strong positive
correlation
− ≤ ≤ +r0.1 0.1 No correlation
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information, the supply of information on TKM is poorly prepared
in Korea (Kim and Kim, 2013).
The popularization of medical and ethno-medicinal informa-
tion has become possible due to the development of information-
communications technology and the accumulation of a vast
amount of digital data. In order to create new values from this
body of data, the analysis of big data-comprising vast amounts of
data (Volume), various kinds of data (Variety), and timely solu-
tions for data handling and analysis (Velocity) – has become an
issue in all areas including economy, society, medicine and so on.
And its major usefulness is that it can analyze the current situation
and predict future status (Ahn and Hwang, 2012).
The so-called Google Flu Trend (2015), which is the most suc-
cessful case of big data analysis, showed that an epidemic of in-
ﬂuenza can be predicted in real time in many countries around the
world by counting the frequency of ﬂu-related web search words.
Since then, several studies have been performed to explain and
predict various social phenomena on the basis of web search vo-
lumes (Vaughan and Romero‐Frias, 2014; Preis et al., 2013; Pelat
et al., 2009; Huang et al., 2013; Davis et al., 2013), because search
trends in web search engines such as Google, Yahoo, and Bing
reﬂect the interests and issues of the society. In particular, Google
provides a web search trend service that can analyze the tendency
of words input by users into its web search engine, which can be
used as an important resource in knowledge mining research (Jun
and Park 2013a,2013b).
A few studies on the changes of social interest in medical in-
formation have been conducted recently using web search trends
mining technology (Pelat et al., 2009; Huang et al., 2013; Davis
et al., 2013). However, studies on the asymmetry of medical in-
formation in traditional medicine are rare (Greenhalgh, 1987);
moreover while vast ethno-medicinal knowledge databases have
been published to experts and public after agreement of Nagoya
Protocol (Bubela and Gold, 2012), comparative studies of the dif-
ferent perception between experts and public on the ethno-
medicinal herbs are never performed. Thus, this study aimed to
comparatively analyze the relationship between the purchase
amounts of selected medicinal herbs and the corresponding web
search volumes, and also to investigate correlation of interest be-
tween experts and public about selected medicinal herbs in Korea.Table 1
Top 10 medicinal herbs based on the amounts purchased by TKM centers in 2010.
Rank Herb Purchase amount (kg) O
Sc
1 Angelicae Gigantis Radix 700,703 A
2 Poria Sclerotium 648,660 P
3 Astragali Radix 634,792 A
A
4 Paeoniae Radix 599,341 P
5 Glycyrrhizae Radix et Rhizoma 539,055 G
G
G
6 Cnidii Rhizoma 538,850 C
Li
7 Rehmanniae Radix Preparata 529,508 R
8 Liriopis seu Ophiopogonis Tuber 279,249 Li
O
9 Alismatis Rhizoma 274,297 A
10 Bupleuri Radix 252,513 B
* The scientiﬁc name and family name of original plant are quoted from the Korean2. Materials and methods
2.1. Selection of medicinal herbs
The medicinal herbs selected for analysis in this study were the
top 10 herbs in terms of the amounts purchased by TKM centers in
2010 according to the Survey on the Use of Oriental Medical Sys-
tems and Doses of Herbal Medicine (Cho et al., 2011), as shown in
(Table 1). These medicinal herbs were mostly purchased in 2010
by 2,671 oriental medicine organizations including oriental med-
icine hospitals, oriental medicine clinics, and herbal medicine
shops from among 33 research subject items: 17 are types of
medicinal herbs that require regulation of their supply and de-
mand, 4 are types of import-dependent medicinal herbs, and 12
are the most frequently mass-produced medicinal herbs (Cho
et al., 2011).
2.2. Selection of web search engines
Established in 2007, OASIS is the biggest TKM R&D knowledge
portal service in Korea, providing about 26,000 articles published
in TKM journals, 2,800 reports on TKM research, 600 types of
statistics about TKM, and 35 kinds of TKM prescription databases
(OASIS, 2015). Also, about 7000 users including the faculties and
students of TKM colleges, members of TKM societies, and re-
searchers in TKM R&D centers are registered in OASIS, which was
considered the most suitable web search engine to grasp experts’
interest on the ethno-medicinal herbs in this study.
NAVER, whose services began in 1996, is the largest informa-
tion portal service in Korea. It provides a vast range of functions
such as integrated search, in which search results from various
areas-including web pages, knowledge-IN (a useful informationriginal plants
ientiﬁc name* Family name*
ngelica gigas Nakai Umbelliferae
oria cocos Wolf Polyporaceae
stragalus membranaceus Bunge Leguminosae
stragalus membranaceus Bunge var. mongholicus Hsiao
aeonia lactiﬂora Pallas Paeoniaceae
lycyrrhiza uralensis Fischer Leguminosae
lycyrrhiza glabra Linné
lycyrrhiza inﬂata Batal.
nidium ofﬁcinale Makino Umbelliferae
gusticum chuanxiong Hort.
ehmannia glutinosa Liboschitz ex Steudel Scrophulariaceae
riope platyphylla Wang et Tang Liliaceae
phiopogon japonicus Ker-Gawler
lisma orientale Juzepzuk Alismataceae
upleurum falcatum Linné Umbelliferae
Pharmacopoeia (Korean Food and Drug Administration, 2014).
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images, and videos-can be glanced at (NAVER, 2015), and accounts
for 75% of all searches carried out in Korea (dongA.com, 2014). As
such, instead of Google, NAVER was considered the most suitable
web search engine to grasp public’s interest on the ethno-medic-
inal herbs in this study (see Supplement material for Google).
2.3. Collection of web search volumes
OASIS provides search functions for integrated search and each
of four kinds of databases (articles, reports, statistics, and pre-
scriptions), and stores all the search activities of users in log ﬁles.
The search volumes for 10 medicinal herbs in the (Table 1) were
collected by month and by year for the past three years (2012–
2014) using Korean and Chinese characters from log ﬁles. For ex-
ample, the search volumes for Angelicae Gigantis Radix counted all
cases of searches for’danggui’ or ‘當歸‘.
NAVER Trends is a service whose search word statistics are
developed from integrated searches; it has provided weekly search
statistics from 2007 to the present (NAVER Trends, 2015). As with
the OASIS web search trafﬁc, the number of searches for 10 ethno-
medicinal herbs in the (Table 1) were collected by month and by
year for the past three years (2012–2014). However, unlikely OA-
SIS, NAVER Trends’ search word statistics are provided as relative
values, in which the relative search statistics of other weeks are
given on the basis that the highest weekly search volume during
the inquiry period is 100, and also provides the relative search
statistics for 5 search words at the same time. Thus, in this study,
by applying the method of Vaughan and Romero‐Frias (2014), the
relative search trends for 10 medicinal herbs were collected on the
basis of Poria Sclerotium and Glycyrrhizae Radix et Rhizoma which
have the highest weekly search volume among 10 medicinal herbs.
2.4. Methods of comparative analysis
Correlation analysis is a method used in probability and sta-
tistics to analyze any linear relationship between two variables,
and Pearson's correlation coefﬁcient is generally used to obtain the
relationship between two variables. Pearson's correlation coefﬁ-
cient, r, demonstrates the degree of changes of two variable si-
multaneously: if the changes of two variables are perfectly iden-
tical, the value is þ1; if they are not identical, the value is 0; and if
they are identical in opposing directions, the value is 1 (Cohen
et al., 2003; Correlation coefﬁcient, 2015). In general, Pearson’s
correlation coefﬁcient is interpreted as shown in (Table 2); the
correlation coefﬁcients between the rank of herbs, purchase
amount of herbs, search trends of OASIS, and search trends of
NAVER were calculated as shown in (Table 4); and the correlation
coefﬁcients for the search trends for each herb at OASIS and NA-
VER were calculated as shown in (Table 5).Table 3
Web search volumes of experts and public for each herb from 2012 to 2014.
Rank Herb OASIS
2012 2013 201
1 Angelicae Gigantis Radix 283 721 583
2 Poria Sclerotium 97 357 394
3 Astragali Radix 233 281 265
4 Paeoniae Radix 114 207 309
5 Glycyrrhizae Radix et Rhizoma 209 441 408
6 Cnidii Rhizoma 39 117 113
7 Rehmanniae Radix Preparata 43 141 65
8 Liriopis seu Ophiopogonis Tuber 104 177 189
9 Alismatis Rhizoma 14 62 33
10 Bupleuri Radix 272 624 462Although Pearson's coefﬁcient is a general index for analyzing
the statistical relationship between two variables, it is difﬁcult to
ﬁnd out detailed tendency of interests of experts and public. Thus,
time-series graph of monthly web search trend for each of the 10
medicinal herbs were generated, and then signiﬁcant outcomes or
suggestions were ﬁgured out.3. Results and discussion
3.1. Correlation analysis between medicinal herb purchases and web
search volumes
3.1.1. Statistical overview
The data extracted from OASIS and NAVER by the method de-
scribed in Section 2.3 is shown in (Table 3). As stated above, the
search volumes of OASIS are absolute values and those of NAVER
are relative values for the 10 medicinal herbs analyzed in this
study. First, regarding OASIS, the most searched medicinal herb
was Angelicae Gigantis Radix while the least searched was Alis-
matis Rhizoma; for NAVER, the most searched medicinal herb was
Paeoniae Radix, unlike OASIS, and the least searched was Alismatis
Rhizoma, as with OASIS. Furthermore, the most and least searched
medicinal herbs at OASIS and NAVER have not changed over the
past three years. This descriptive statistical analysis revealed that
the most interested herb between experts and public is not
identical, but the least interested herb is same.
3.1.2. Pearson's correlation coefﬁcient
Pearson’s correlation coefﬁcients between the rank of herbs,
purchase amount of herbs, search trends of OASIS, and search
trends of NAVER are shown in (Table 4). First of all, we note that
the correlation coefﬁcient for the rank had opposed signs against
the correlation coefﬁcient for purchases since the rank was ar-
ranged in reverse order against the purchase amounts. The coef-
ﬁcient between rank and OASIS (2012–2014) was –0.401, and that
between rank and NAVER (2012–2014) was –0.387, showing a si-
milarly apparent negative correlation; thus, it is considered that
the correlation between the rank and search trends of experts and
public is similar. The coefﬁcient between purchase amount and
OASIS (2012–2014) was 0.282 and that for purchase amount and
NAVER (2012–2014) was 0.291, showing similarly weak positive
correlation results; thus it is considered that the correlation be-
tween the purchase amount and search trends of experts and
public was similar. As shown in (Table 4), the coefﬁcients for rank
were generally higher than those for purchase amount, with the
highest coefﬁcient in each analysis marked in bold type. Finally,
the coefﬁcient between OASIS (2012–2014) search statistics and
NAVER (2012–2014) search statistics during the past three years
was 0.438, showing apparent positive correlation, which isNAVER
4 2012–2014 2012 2013 2014 2012–2014
1587 191 228 205 624
848 59 210 68 337
779 138 153 199 490
630 218 242 264 724
1058 131 135 154 420
269 194 174 167 535
249 52 53 53 158
470 182 200 185 567
109 52 52 53 157
1358 115 122 223 460
Table 4
Pearson's correlation coefﬁcient using the data in Tables 1 and 3.
Year Ranka vs
OASIS
PAb vs
OASIS
Ranka vs
NAVER
PAb vs
NAVER
OASIS vs
NAVER
2012 -0.312 0.210 -0.276 0.226 0.305
2013 -0.329 0.225 -0.641 0.487 0.326
2014 -0.506 0.368 -0.155 0.096 0.508
2012–2014 -0.401 0.282 -0.387 0.291 0.438
a Rank: the ranking of herbs in Table 1.
b PA: the purchase amount of herbs in Table 1.
Table 5
Correlation coefﬁcient between OASIS and NAVER for each herb.
Rank Herb Year
2012 2013 2014 2012–2014
1 Angelicae Gigantis Radix 0.206 0.204 0.348 0.325
2 Poria Sclerotium 0.195 0.271 -0.051 0.210
3 Astragali Radix 0.053 -0.053 0.071 0.045
4 Paeoniae Radix -0.127 -0.202 0.167 0.036
5 Glycyrrhizae Radix et Rhizoma 0.657 0.704 0.285 0.520
6 Cnidii Rhizoma -0.161 -0.255 0.202 -0.201
7 Rehmanniae Radix Preparata -0.070 0.317 -0.286 0.054
8 Liriopis seu Ophiopogonis Tuber -0.287 -0.046 0.571 0.044
9 Alismatis Rhizoma 0.089 0.078 -0.118 0.008
10 Bupleuri Radix 0.214 -0.371 0.004 -0.048
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public on the 10 medicinal herbs is similar. It is known that there
is a serious asymmetry of medical and ethno-medicinal informa-
tion between experts and public (Kim and Kim, 2013), and then we
may assume that there exists big different interest between ex-
perts and public on medicinal herbs. However, this study revealed
that there is apparent similar interest between experts and public
on popular medicinal herbs in Korea.
3.2. Correlation analysis of interest between experts and public for
each medicinal herb
3.2.1. Pearson's correlation coefﬁcient
In order to analyze the degree of interest of experts and public
on the 10 medicinal herbs, the search trends for the past three
years for each herb were divided into 36 (monthly) time periods,
and Pearson's correlation coefﬁcients for each herb between OASIS
and NAVER search trends were obtained, as shown in (Table 5). In
2012, Glycyrrhizae Radix et Rhizoma (0.657) showed apparent
positive correlation between experts and public; in 2013, Glycyr-
rhizae Radix et Rhizoma (0.704), Bupleuri Radix (0.371), and
Rehmanniae Radix Preparata (0.317) showed strong or apparent
correlations; and in 2014, Liriopis seu Ophiopogonis Tuber (0.571)
and Angelicae Gigantis Radix (0.348) showed apparent positive
correlations. Glycyrrhizae Radix et Rhizoma showed the highest
correlation both in 2012 and in 2013, while Liriopis seu Ophio-
pogonis Tuber showed drametrically opposite results in 2013 and
2014. Overall, the medicinal herbs that showed a strong correla-
tion between expert and public were Glycyrrhizae Radix et Rhi-
zoma (0.520) and Angelicae Gigantis Radix (0.325), while no cor-
relations between experts and public were observed for the other
8 medicinal herbs. In other words, the monthly web search trends
of experts and public were similar for Glycyrrhizae Radix et Rhi-
zoma and Angelicae Gigantis Radix, but different for the other
medicinal herbs. Pearson’s coefﬁcients with a strong or apparent
correlation are marked in bold type in (Table 5).
3.2.2. Time-series graph
In order to analyze the degree of interest of experts and public
on 10 medicinal herbs, time-series graph of monthly web search
trends for each herb were generated from search trends for the
past three years, and then signiﬁcant outcomes or suggestions
were ﬁgured out. For that purpose, the web search statistics of
OASIS and NAVER were normalized by setting the highest monthly
data as 100, with the search numbers described afterward as re-
lative values. The web search trends graphs for each herb are
shown in (Table 6).
In the case of Angelicae Gigantis Radix, both graphs show a
similar pattern beginning with relatively low search numbers and
then rapidly increasing between March and May of each year. For
Poria Sclerotium, the graphs show a relatively irregular pattern for
OASIS compared to other herbs, while recording an exceptionally
high search number of 100 in November 2013 for NAVER. Asregards Astragali Radix, the graphs show a regular parabolic ﬁgure
for NAVER, with the highest search number of 100 recorded in
April 2014. The graph for Paeoniae Radix shows that it was not
searched frequently at OASIS compared with the other herbs, and
does not show a regular search pattern, although its search
number increased greatly in May–June, its ﬂowering season, at
NAVER.
In the case of Glycyrrhizae Radix et Rhizoma, both graphs show
a similar pattern beginning with relatively low search numbers,
followed by rapid increases between March and May and between
September and November of each year. The graphs for Cnidii
Rhizoma and Rehmanniae Radix Preparata show rather irregular
graph patterns at OASIS and steady search numbers at NAVER. The
graphs for Liriopis seu Ophiopogonis Tuber show fewer searches
between December and February and more searches in August of
each year at NAVER, thus creating a wave-like pattern in general,
and show speciﬁcally high search numbers, i.e. 100, in September
2013. The graph for Alismatis Rhizoma shows the highest number
of searches at 100 in October 2013 at OASIS, but shows unusually
low search numbers compared to other herbs, and roughly steady
search numbers at NAVER. Finally, the graph for Bupleuri Radix
shows a marked tendency for searches in spring each year at
OASIS, with the highest number of searches (i.e. 100) in January
2014 at NAVER, with an average monthly number of 23 until De-
cember 2013, i.e. relatively fewer searches than in 2014.4. Conclusion
Because of a serious asymmetry of medical and ethno-medic-
inal information between experts and public, it may be assumed
that there exists big different interest between experts and public
on medicinal herbs. Through, however, the comparative analysis of
web search volumes of OASIS and NAVER which are the re-
presentative web search engines of experts and public respectively
in Korea, this study revealed that there is apparent similar interest
between experts and public on popular medicinal herbs in Korea.
This study presents meaningful results concerning the simila-
rities and differences in interest between experts and public for
popular medicinal herbs based on a trends analysis of web search
volumes, but has various limitations in that it only uses the 2010
purchase statistics of the 10 medicinal herbs, only OASIS was used
as a web search engine for experts, and data noise by homonym
was observed during the analysis of the NAVER web search sta-
tistics. Thus, it is considered that additional studies will be ne-
cessary in the future to complement these limitations.
Table 6
Time-series graph of web search trends of OASIS and NAVER for each herb from 2012 to
2014.
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